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Abstract
Field studies were conducted in southern to eastern India and Sri Lanka during August 1997-January 1998 by
several geologists from Japan, India, Sri Lanka, and Canada. They included structural and petrological studies in the
central region of the Eastern Ghats Granulite Belt, structural studies in the eastern marginal regions of the Dharwar
Craton, alkaline rocks in Tamil Nadu and Andhra Pradesh, mafic granulites in the Palghat-Cauvery Shear Zone area,
structural study in a central part of the Achankovil Shear Zone, preliminary observations in the Chotanagpur Gneiss
Complex, and petrological studies in the Highland Complex of Sri Lanka. The surveys were successful, with about
385 man-days of field work and collection of about three tons of rock samples being made. In this paper, some
important field operations and observations are given. Detailed laboratory works are going on and the results will
appear elsewhere in future.
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INTRODUCTION
Field surveys in India and Sri Lanka during the 1997
fiscal year were conducted with a view to providing new in-
si ghts into the study of Proterozoic tectonics of East
Gondwana. The surveys consisted of various areas and top-
ics which are grouped into major four areas, viz., central East-
ern Ghats Granulite Belt, southeastern Peninsular India,
Chotanagpur Gneiss Complex in eastern India, and the High-
land Complex in south-central Sri Lanka (Fig. I, Table 1).
Brief descriptions of the field studies are given below,
and some details of and preliminary results from parts of the
field studies are given elsewhere in this volume.
EASTERN GHATS GRANULITE BELT
Structural Features in the Visakhapatnam, Madhuravada
and Maruturu Areas
Operation of the field survey: The field survey was carried
out in the area surrounding Visakhapatnam and Anakapalle
(Fig. 2) by a group of scientists from Japan, India, and Canada
(Table I). The field survey lasted about 20 days and covered
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Table I. Geological survery in Peninsular India and Sri Lanka during 1997-1998
ANTARCTICA
Survey areas
Eastern Ghats Structural study
Granulites
Meta-carbonates
Southeastern India Kinnerasani
Himamnagar
Alkaline plutons
Basic granulites
Achankovil Shear Zone
Chotanagpur Gneiss Complex
Sri Lanka
Participants from Japan
Yoshida, Shirahata, Tsuchiya, Suzuki,
Wada, Okudaira, Tani, Hari, Rajneesh-Kumar
Takano
Wada
Rajneesh-Kumar
Hari Prasad
Miyazaki
Moses
Shaju
Yoshida
Osanai, Miyashita, Hamamoto,
Ando, Yoshihara
VB
Foreign Collaborators
A.T. Rao, S.R. Divi, S. Srinivas,
P. Saradhi, R. Ram,
A.T. Rao
P/ Saradhi, C.H. Sri Ranganath,
S. Srinivas
R. Ram
S.R. Divi
S.R. Divi
K.C. Rajasekaran, A. Kalaiselvan,
and K. Srinivasa Rao
R. Mohan
M. Santosh
G. Ghatak, N. Sarkar, P. Srivastava,
A. Misra, P. R. Chandra
K.B.N. Prame, W. Mathavan
Periods
14/12-8/1
7/8-21/8
22/12-24/12
10/12-26/1
3/12-25/1
14/12-16/1
18/3-16/4
10/3-10/4
10/1-14/1
19/7-9/8
g-':-=-l Paleoproterozoic (1) sediRntary and igneous terranes which suffered deforll3t ion
=-=.-: and ~tuorphisa during early to aiddle Ilesoproterozoic ti~s and later
~ Archaean cratons which suffered low- to aiddle-grade rejuvenation and graniticL!...J intrusions during the latest Archaean to ealry Paleoproterozoic ti~s
r;-i=l Archaean cratons which suffered high-grade rejuvenation and granitic intrusionsI!:.!:...!J during the latest Archaean to early Paleoproterozoic ti~s
~ Archaean cratons older than ca 3.0 Ga
Fig. I Geological survey areas in India and Sri Lanka within a Gondwana ensemble.
The base geologic sketch is cited from Yoshida et al. (1995b) showing the pre-Neoproterozoic signatures
of the area.
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about 100 outcrops in the Visakhapatnam-Madhuravada area
(Fig. 3), and several outcrops in the Maruturu area. The aim
of this survey was to make a detailed structural observations
in selected localities and to discuss the sequence and mecha-
nisms of deformation in the area. Another aim was to collect
rock samples for geochemical and geochronological studies.
The general geologic features in the area around
Visakhapatnam are given in Yoshida et al. (1998), and Sanyal
and Fukuoka (1995) and Sengupta et al. (1996) have explained
the general geology and petrologic characteristics of the
Maruturu area in detail. In this short note, some structures
observed during this survey will be described.
Visakhapatnam-Mahduravada area: Deformational structures
of leptynites (garnet-bearing quartz-feldspathic gneiss) and
khondalites (garnet-sillimanite gneiss) were well observed in
the localities around Visakhapatnam City, Madhuravada Vil-
lage, and the Kailasa coastal area (Fig.3). At an outcrop
about 5 km northwest of Visakhapatnam City (point a in
Fig.3), an isoclinal fold of a quartzite layer was observed in
the khondalite zone (FigAa). This fold structure is a typical
earlier structure throughout the Visakhapatnam-Madhuravada
area. Mesoscopic structures such as compositional banding,
intrafolial rootless fold, asymmetric and symmetric folds of
various styles were also observed in this locality. Although
the compositional banding generally forms a continuous pla-
nar fabric, it also locally forms a boudinage structure and
becomes discontinuous lenses. Some of these lenses show
intrafolial rootless fold of isoclinal to tight type. This highly
deformed zone, including the discontinuous lenses, forms a
traceable zone with thickness of several tens of centimeters.
The highly deformed zone is refolded by a later mesoscopic
fold.
At an outcrop about 2 km east of the Madhur<lvJda vil-
lage (b in Fig.3), sapphirine-bearing granulites were observed.
Preliminary petrologic study of the granulite from this out-
crop was done by Rao et al. (1995). Meso- to macroscopic
folds of gentle type with mostly upright axial planes are well
developed in and around this outcrop. Axial planar foliation
comprising the lattice preferred orientation of biotite, was
observed in this locality. Some mafic lenses form asymmet-
ric fold with a mostly horizontal hinge and a moderately dip-
Legend of structures
~ I-.- Axial trace of overturned
V isoclinal synclinal fold
_______ Axial trace of cross fold
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::: ~: ::: :6~::::::::::::: f: <I Khondalite
• Charnockites and pyroxene granulites
o Biotite granites (Leptynite)
,.:.:.:.:) Garnet granites (including Leptynite)
. : .: and pyroxene granulites
Fig. 2 Geologic outline of the area around Visakhapatnam (cited after Tani et aI., 1998). Letter M in the map is Maruturu.
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ping axial plane (FigAb). Along the axial plane, biotite is
preferentially oriented, and thus forms the axial planar folia-
tion of the asymmetric fold.
In the Kailasa coast, various minor structures belonging
to the several deformational stages as well as their relative
relationships were observed. Well banded and/or foliated
f__--.". ,,:;:-----~-~~~
r---,...--""
N
,
o 2km
khondalites constitute the majority of rock types, although
massive khondalites are also predominant locally. The band-
ing structure is often highly deformed and shows various fold
structures. An extensive development of tubular structure,
possibly a sheath fold (Figs. 4c, 4d), was observed in a place
near Gollapalem (c in Fig. 3). Crenulation lineation as well
Legend
Strike & dip of compositional banding
Topographic COlllur
Road
---= River
Fig. 3 Map showing the topographic characteristics around the Visakhapatnam-Madhuravada area and trend of the major compositional
banding. Alphabetical letters indicate localities mentioned in the text.
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Fig. 4 Photographs showing some structural characteristics in the Visakhapatnam-Madhuravada area. a: Isoclinal fold identified by
rolled quartzite layer. b: Mafic lens having asymmetrically folded shape in the sapphirine-bearing granulite. c: Tubular structure
in the khondalite occurring at the Kailasa coastal area. d. Refolded tubular structure by later asymmetric fold of open type with
a steeply plunging hinge.
as the c-axes of sillimanite are generally parallel to the long
axis of the tube structures. Some tubular structures are rolled
by asymmetric fold of the open type (Fig. 4d). Thus, this
outcrop in the Kailasa coastal area, possibly suggests the pres-
ence of a non-coaxial deformation with high strain followed
by the later folding deformation.
Maruturu area: Many quarries are being worked along the
hill range near Maruturu village (M in Fig. 2), located about
5 km north ofAnakapalle town (Fig. 5a). Field observations
in the Maruturu area were done in some parts of these quar-
ries, in which leptynite, orthopyroxene granulite, mafic granu-
lite and calc-granulite occur. The orthopyroxene granulite has
compositional layering formed by the alternation of granu-
lite and leptynitic rocks (Fig. 5b). Mafic granulite often oc-
curs as interlayered thin layers within the orthopyroxene
granulite.
Foliation paralleling the compositional layering,
boudinage structure (Fig. 5c), rootless fold (Fig. Sd), shear
fold and mineral-stretching lineation were well observed.
Some boudinage structures of a mafic granulite layer often
show roof-tile shape (Fig. 5c). This characteristic
deformational structure may indicate the possibility of ex-
tension paralleling the mafic granulite layer or compression
being perpendicular to the layer, followed by a later com-
pression paralleling the layer.
Mineral-stretching lineation is generally composed of an
elongated orthopyroxene and is well observed in coarse-
grained leucocratic layers and in orthopyroxene granulite.
However, mineral-stretching lineation is not clear in the ma-
fic granulite, which is often boudinaged. The coarse-grained
leucocratic layer often cuts the earlier structure, such as a
rootless fold (Fig. 5d). It is likely that a thin, coarse-grained
leucocratic layer surrounded the boudin and was deformed
along with the boudin by later compression (Fig. 5c).
Thus, the modes of occurrence of the deformational struc-
tures clearly suggests that multiple deformation affected the
rocks in the Maruturu area.
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Fig. 5 Photographs from the Maruturu quarry. a: An overview of the quarry. b: An alternation of orthopyroxene granulite and leptynitic
layer. c: A boudinage structure showing roof-tile-style. d: A coarse-grained leucocratic layer cutting a rootless fold of tight type.
Granulites and Charnockites of the Visakhapatnam,
Maruturu and Madhuravada Areas.
The field program: The present study areas, Visakhapatnam
to Maruturu and Madhuravada (12 km north of
Visakhapatnam), are located in the east-central part of the
Eastern Ghats Granulite Belt (cf., Fig. 2). The major rock
types of the area include a diverse suites of metasediments
(khondalite, leptynite, calc-silicates and quartzite),
orthopyroxene-granulites (enderbite and charnockite, regard-
less of either igneous or sedimentary origin) and basic granu-
lites (two-pyroxene granulites). Geochemical and geochro-
nological studies of these rock types are now under progress
and they will provide significant information for the recon-
struction of East Gondwana and its crustal evolutional pro-
cesses.
The field survey was carried out by N. Takano assisted
by some Indian scientists (Table 1) for about two weeks dur-
ing August, 1997. The main purposes of the survey were to
examine field occurrences of various granulite facies rocks
and to collect rock samples for geochronological, geochemi-
cal and mineralogical studies.
Granulites in the Visakhapatnam area: In the Visakhapatnam
area, four outcrops were examined where basic granulite and
leptynite are well exposed. In the outcrops, the basic granu-
lites occur as 2 to 5 m-thick bands and also 0.5 to 1 m-thick,
homogeneous lenticular bodies in leptynite. They are me-
dium-grained and massive, having sharp contacts with the
country-rock leptynite. They are highly deformed with the
leptynite, and sometimes boudinaged.
At another outcrop, named "St. Peters Mound
charnockite", charnockite occurs as a highly deformed band
having sharp contact with the country-rock (leptynite). The
charnockite band is up to 2 m thick and dark greenish show-
ing greasy appearance.
Sapphirine-bearing gneiss in the Madhuravada area: In the
Madhuravada area, sapphirine-bearing felsic gneiss and ba-
sic granulite occur in a small quarry located in the northeast
corner of the Madhuravada dome (Fig. 2). The dome is
mainly composed of leptynite together with subordinate
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amounts of khondalite and basic granulite. The sapphirine-
bearing felsic granulite is a highly deformed rock and exhib-
its a layered appearance. The thickness of the sapphirine-
bearing felsic gneiss is not clear; it shows a varied mineral
proportion (mode) even in a narrow space (30 x 30 cm).
Distinct foliation marked by mafic minerals is noted (strik-
ing N30° E and dipping 50° S). Numerous migmatitic patches
with I cm thickness and elongated shape (5 to 15 cm long)
were developed along this foliation. More thick pegmatitic
veins (over 20 cm thickness) were also noted along this folia-
tion. The basic granulites occur as bands (up to 5 m thick) in
felsic gneiss. Both sides of the bands are surrounded by 10 to
50 cm thick migmatitic bands.
Charnockites in the Agananpudi and Edulapaka areas: In the
Agananpudi and Edulapaka areas near the airport, charnockite
occurs as massive bodies (probably intrusive bodies) in
leptynite and khondalite along the axis of an overturned anti-
cline (Fig. 2). The chamockite bodies show variable dimen-
sions (50 m to several kilometers). The essential mineral
constituents of these charnockites are quartz, plagioclase, K-
feldspar, orthopyroxene, and opaque minerals, with variable
amounts of garnet and biotite.
At the Airport Hill charnockite outcrop, two types of
charnockite were identified. One is fine- to medium-grained
hornblende-bearing charnockite and the other is the porphy-
ritic charnockite in which hornblende is rarely present. Gra-
dational change from one type to the other is noted. The
porphyritic charnockite also occurs in Agananpudi and
Edulapaka as a dominant rock type.
Two chemically and geochronologically distinct types
of basic granulite occur in the Maruturu area. Both types are
mineralogically identical and consist of orthopyroxene,
clinopyroxene, hornblende and biotite, together with feldspars
(mostly plagioclase with minor alkali-feldspar). In the out-
crop located at the south end of Maruturu hill, basic granulite
occurs as a massive body, in which the mafic minerals vary
slightly in proportion. The basic granulites in this outcrop
are basic to intermediate in composition (Si02 =46 to 50 wt
%). Another basic granulite outcrop is located about 600 m
northwest of the above outcrop. In this outcrop, basic granu-
lites occur as 2 to 3 m-thick bands. Geochemical analyses
indicate that they are basic to acidic in composition (Si02 =
48 to 75 wt %).
Meta-carbonate Rocks in the Central Eastern Ghats
Granulite Belt
Objective of the field survey: The central region of the East-
ern Ghats Granulite Belt surrounding Visakhapatnam (cf. Fig.
2) is composed of pelitic gneisses, quartz-perthite-
orthopyroxene-plagioclase-garnet gneiss, sapphirine-spinel-
cordieri te-si 11 imanite-garnet-orthopyroxene-quartz-gnei ss,
mafic granulite and calc-silicate granulites. There are no
descriptions of the occurrence of graphite in limestone and
khondalite in the Eastern Ghats Belts. Calc-silicate rocks in
Araku, Anakapalle, and Borra areas and graphite deposits and
occurrences at Visakhapatnam and in the Vizianagaram area
(ca 55km north of Visakhapatnam) were surveyed during the
field work of 3 days in December 1997.
Mineral associations from calc-silicate granulites in the
Eastern Ghats suggest extremely high P-T conditions of a
dominant metamorphism at higher than 900°C (Dasgupta,
1993). These calc-silicate mineral associations are distin-
guished into the following three types; 1) calcite + quartz +
scapolite + plagioclase, 2) calcite + scapolite + wollastonite
+ porphyroblastic + garnet + coronal + gamet, and 3) calcite
+ quartz + wollastonite + scapolite + porphyroblastic + gar-
net. During the high-temperature metamorphism, the car-
bon isotopic systematics in such calc-silicate rocks and
marbles are unclear. Stable isotopic study on those rocks
may significantly increase our knowledge in the Eastern Ghats
terrain and a comparison can be attempted with the results
from other similar high-temperature metamorphic terrains.
Graphite deposits associated with cordierite-bearing gneisses
in the Chipurupalle district in the Vizianagaram area: At
Duggivalasa, about 5 km north of Chipurupalle Town (ca 30
km NE of Vizianagaram), Vizianagaram area, garnet-bearing
khondalite and granulite rocks were quarried in the hill side.
Several centimeters- to some decimeters-thick quartzo-feld-
spathic veins cut across the pyroxene granulite and khondalitic
biotite gneisses. Occurrence of cordierite coexisting with
orthopyroxene is very similar to the occurrences in the
Koliakode quarry in Kerala Khondalite Belt of southernmost
India, and the large cordierite bearing pegmatitic segregation
veins are also similar to the occurrence at the Chittikara quarry
in the same belt (e.g., Yoshida et aI., 1995). The occurrence
of graphite can be distinguished into two types: (1) scattered
graphite distributed in garnet-bearing khondalitic and granu-
litic rocks, and (2) large, scaly graphite flakes in the cordier-
ite bearing pegmatitic part of the khondalitic and granulitic
rocks. Large garnet crystals of a few centimeters in diameter
were concentrated in this pegmatitic zone. As shown by
Santosh and Wada (1993), the origin of graphite at the
Chittikara quarry was distinguished into two types, based on
the carbon isotopic composition. The first type was origi-
nally organic carbon with (I3C values in the PDB scale lower
than -20 %0, and the second was the mantle source carbon
with ('3C values of -10 to -5 %0. The occurrence of graphite
in such high-grade metamorphic rocks strongly indicates the
low oxygen fugacity during the maximum temperature- pres-
186 Field Studies ofProterozoic Terrains in Peninsular India and Sri Lanka, 1997-1998
SOUTHEASTERN PENINSULAR INDIA
Table 2. Preliminary carbon isotopic data of marbles from the
Borra region, Eastern Ghats.
Structural and Petrological Studies in the Northern Mar-
ginal Area of the Nellore-Khammam Schist Belt, Eastern
Dharwar Craton
Preliminary results: Preliminary analyses of carbon and oxy-
gen isotopic compositions of graphite-bearing marbles col-
lected from the Borra cave in the Borra district are listed in
Table. 2. These crystalline marbles were equigranular in
texture and some skarn minerals such as scapolite, and gar-
net were observed.
-0.62
Graphite
-0.54
20.58
21.86
Calcite
-9.98
-8.73
Borra04-9-ICI
Borra04-9-l C2
Sample No
nitic veins, was observed. Pegmatitic, euhedral minerals were
observed in the veins. The weathered surface normally has a
greasy greenish color, just like massive charnockite. At
Tamulavalasa, the abandoned Gangavram calcite mine was
located at the top of the hill, and marbles dug from the mine
were piled up on the top of the hill. No graphite was ob-
served in the marbles whereas diopside, phlogopite, spinel,
and clinopyroxene occur.
At the Padmapuram quarry in the Araku district (ca 17
km WNW of Borra Cave), a massive charnockitic layer en-
riched in biotite was observed. The locality of the occur-
rence of the graphite was the eastern extension of the Borra
Cave.
The Nellore Khammam-Schist Belt (NKSB): The NKSB is
bordered by the Peninsular Gneiss of the Dharwar Craton on
the west and the Eastern Ghats Granulite Belt (EGGB) on the
east. A detailed survey was carried out around east of
Khammam, where the Archaean amphibolites are well ex-
posed. About 30 days of field survey of the area was con-
ducted during December 1997 and January 1998 by Hari
Prasad. R.S.Divi also joined for sometime during the same
period. A preliminary geologic map of the study area is given
in Fig.6. Rocks of the NKSB of the study area consist mostly
sure conditions in the range of graphite precipitation in na-
ture (Radhika et aI., 1995). The occurrence of graphite in
khondalitic gneiss and peraluminous rocks in the
Vizianagaram area can be used to constrain the redox poten-
tials during high grade granulite metamorphism.
Meta-carbonate rocks and marbles in the Barra, Anantagiri
and Araku areas; Borra Cave area, and the Anantagiri and
Araku areas are located within about 30 km in an area at about
1000 m elevation in the middle of the Eastern Ghats moun-
tain range. The Borra cave area is located about 90 km NNW
from Visakhapatnam City, close to the border of the
Visakhapatnam district. The Borra River completely extinct
into the Borra Cave, and the cave is still active.
In the Borra Cave area, carbon isotopic fractionation
between calcite and graphite in metamorphic marble has a
potential for the precise temperature estimation of metamor-
phism. In order to calibrate the carbon isotopic
geothermometry in the calcite and graphite systems, the pre-
servation of high-temperature equilibrium fractionation dur-
ing the cooling stage or retrograde metamorphism needs to
be checked. Phase-equilibria considerations in the calcare-
ous rocks and geotherrnobarometry in associated rocks attest
to metamorphic temperatures in excess of 950°C at moder-
ate pressure in the Borra area (Bhowmik et. aI., 1995).
In order to collect the samples of graphite-bearing
marbles, we visited several quarries in the Borra limestone
cave area described by Rao and Narenda (1986) and Bhowmik
et aI., (1995). Massive marble layers, including consider-
able amounts of skarn minerals such as diopside-scapolite-
clinopyroxene, were exposed. Such marble and skarn-min-
eraI strata were surrounded mainly by khondalite, calc-sili-
cate granulite and leptynite. The khondalite-charnockite-
pyroxene granulite associations were intruded by pink gran-
ite of Proterozoic age.
Along the railway station of Borra, fresh, crystalline, and
massive marble was observed. At Tamulawalasa in Pendutti
town (ca 4 km SE of Borra Cave), diopside-phlogopite-bear-
ing marbles are exposed, but no scattered graphite was ob-
served in the quarry. Along the diopside-bearing calc-sili-
cate rock, large graphite crystals several centimeters in width,
occur along the fracture of the rock. This implies that the
graphite deposition occurred during the fracturing of the skarn
mineralization or at a later stage to the formation of these
calc-silicate minerals.
Anantagiri (ca 8 km south of Borra Cave) is also known
as one of the localities where ultra-high temperature meta-
morphic rocks are exposed. Many pelitic gneisses and py-
roxene granulites containing sapphirine-quartz assemblages
were reported by Dasgupta, et aI., (1991).
At the S-Kota No. I quarry in Surunga Varapukota near
the Anantagiri area, massive charnockite, including pink-gra-
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of amphibolites.
Lithologies: The amphibolites are the oldest metamorphosed
intrusive rocks in the NKSB. They are best seen at Wyra,
Yenkur, Himamnagar and Garlavoddu. The rocks are dark
green or black as seen in the field. The amphibolites are
further classified into banded, garnetiferous, foliated and
massive types.
The banded-type amphibolites are well exposed in the
Wyra Lake region and along the canal section near
Garlavoddu. Well-developed compositional banding, iden-
tified by alternating amphibole-rich (dark coloured) and pla-
gioclase-rich (white coloured) layers is the characteristic fea-
ture of these banded rocks. They show good deformational
features, such as intrafolial, rootless and non-rootless folds,
and other fabrics, including mylonitic ones.
At an exposure near Himamnagar, on the left side on the
road towards Kothagudem and at Garlavoddu hills, garnetif-
erous amphibolite was observed (Figs. 7a,b). It is coarse
grained and composed of garnet, clinopyroxene, plagioclase
F5
Quartz - Ghlorite schist
Meta gabbro - anorthosite complex
Gamet - kyanite - muscovite schist
Legend
[],, ,, ,
Archaean rocks (Nellore-Khammam Schist Belt)
~ Gondwana sediments
Proterozoic rocks(Pakhal group)
~~~~ PhyJlites
: : Kothagudem
I~l Quartzites
80°30'17+45'
N
o Un-differentiated schistose rocks
Structural data
[2] Foliation strike & dip
o lOkm
--==
Major fold axis
Fig. 6 Geologic map of northern part of Nellore-Khammam schist belt.(modified after Subbaraju, 1975).
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and quartz. Large sized aggregates of garnet about 3 to 15
em across and surrounded by amphibole and plagioclase, are
developed in this amphibolite. Foliated amphibolite is fine
grained, and composed of amphibole, plagioclase, quartz,
clinopyroxene, and sphene. This rock occurs at an outcrop
near north of Gopalpet, and it also shows folded structures
and crenulation lineation. The massive amphibolites are the
youngest intrusives in the area, and show no deformational
imprints.
Deformations: Three deformational events were identified
as DJ, Dz and D3 from the earliest to the latest, with their
corresponding folds of Fl , Fz and F3, respectively. D j struc-
tures consist of major foliation formed by preferred orienta-
tion of amphibole and plagioclase, and intrafolial isoclinal to
tight folds (Fl , Fig. 7c). The axial surfaces of these intrafolial
folds are parallel to the major foliation and based on this,
both the intrafolial folds (FI ) and the major foliation are con-
sidered to be cogenetic.
Dz deformational structures are characterized by macro-
scopic and mesoscopic folds (Fz, Fig. 7d), crenulation linea-
tion, and some mineral lineation identified by the long axes
of amphibole crystals. Some aggregates of garnets are folded
in the hinge portions of the Fz folds. Superimposing on the
D1 and Dz deformations, a mild deformation (D3), composed
of gentle to open folds (F3) with subhorizontal axial planes,
is identified. Further detailed studies are in progress in order
to relate the timing of deformation and metamorphism.
Deformational History of the Kinnerasani Area, at the
Boundary Zone between the Archaean Basement and the
Pakhal Group
The field survey: The Kinnerasani area (Fig. 6) is sandwiched
between the Godavari Rift on the west and the EGGB on the
east. About 30 days of field survey was conducted by
Rajneesh-Kumar. R.S.Divi also participated during some part
of the period.
Two major geologic units in the area: The Archaean Penin-
Fig. 7 Field photographs of structures from Himamnagar and surrounding area.
a) folded garnet rich layers in garnetiferous amphibolites near Himamnagar. b) photograph showing the rotated garnet porphyroclast
in garnetiferous amphibolite from Himamnagar area. c) intrafolial isoclinal fold in banded amphibolite nearYenkur d) F2 folds
in banded amphibolites at outcrop east of Himamnagar.
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sular Gneiss and the Proterozoic Pakhal Group occur in the
area (Fig. 6), with a conglomerate bed at the base of the latter
marking the contact (Fig. 8a). The metasedimentary pack-
age forms a major lithologic unit of the Archaean group, com-
prised mostly of quartz-biotite-chlorite schist, quartzo-felds-
pathic gneiss, feldspathic gneiss associated with augen gneiss
(Fig. 8b), and hornblende gneiss. Compositional banding is
the most striking planar structure exhibited by the quartzo-
feldspathic gneiss and feldspathic gneiss, and mylonitic fo-
liation occurs generally in the Archaean terrain. Detailed
structural studies indicate that the area had experienced
polyphase deformation. Four deformational phases have been
identified, from earliest to latest: DA1 , DA2, DA3 and DM , their
corresponding folds being FAI , FA2, FA3 and FM . The Protero-
zoic terrain suffered two deformational events, which are
termed Dpl (Fp1) and Dp2 (FP2) (Fig. 8c). DAI structures in-
clude compositional banding, mylonitic foliation, and
intrafolial isoclinal folds (FAI). DA2 deformation comprises
macro- to mesoscopic, open to closed-type folds (FA2). Sub-
sequent to DA2, deformation composed of asymmetric folds
Fig. 8 Field photographs showing structures in the Kinnerasani
river section area.
a) photograph showing the boundary between Archaean
and Proterozoic group at Kinnerasani area, conglomerate
bed marks the contact between them. b) photograph
showing the augen structures in augen gneiss from Ar-
chaean terrain. c) photograph showing the chevron type
of folds from Proterozoic terrain. d) tight to isoclinal
type offolds from Archaean terrain. e) Photograph show-
ing the occurrence of elongated pebbles in conglomerate
bed.
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(FA3) took place. Structures of DA4 are represented by macro-
to mesoscopic, upright tight to isoclinal folds (FA4) (Fig. 8d),
with horizontal hinges with a NE-SW trend. In the Protero-
zoic terrain, Dp] structures include compositional banding,
open to tight Fp1 folds, and axial-plane cleavage, along with
pinch-and-swell and boudinaged structures. Kink folds of
the Dp2 phase were observed. The contact between these
two terrains displays the imprint of high strain, evidenced by
the elongation of the pebbles of the Proterozoic basal con-
glomerate (Fig. 8e). Based on the strain analysis, these
pebbles are of the constrictional type, and the elongation of
pebbles took place during the Dp] phase.
Results obtained: In the study area, the outcrops of the Pakhal
Group and the major boundary faults of the Godavari Rift
both extend parallel to the general NW-SE strike of foliation
in the surrounding crystalline terrains (Naqvi and Rogers,
1987). In the present study area, however, both the Archaean
and Proterozoic terrains are trending NE-SW, which is the
general trend of the EGGB. Thus, the contrast in the two
general trends has been developed during the Proterozoic oro-
genic event in the EGGB.
Alkaline Plutons in Tamil Nadu and Andhra Pradesh
The alkaline plutons in southern Peninsular India: Several
Proterozoic alkaline plutons occur in the southern part of
Peninsular India (Rajesh et aI., 1996). During the late Prot-
erozoic, a large area of the Gondwana supercontinent suf-
fered the effect of Pan-African orogeny (e.g., Yoshida, 1995).
Therefore, the petrogenetic relationship between alkaline plu-
tons and Pan-African orogeny is presumed. Geochronologi-
cal and geochemical characterization will reveal the genesis
and origin of these plutons, thus providing important infor-
mation about the Pan-African orogeny in East Gondwana.
In this study, we selected several alkaline plutons in Tamil
Nadu and Andhra Pradesh, in order to elucidate geochrono-
logical, geochemical and mineralogical characteristics.
Details of this study project were described in Miyazaki et al.
(1997).
The field survey: The field survey was carried out by T.
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Fig. 9 Locality map of the field study of alkaline plutons in southern and eastern Peninsular India (the base map .is
modified from Rajesh et al., 1996 and Ratnakar and Leelanandam, 1989). Solid circles are localities visited by
Miyazaki, Mohan, Rajasekaran and Kalaiselvan, and open circles were surveyed by Miyazaki and Srinivasa Rao.
1: Yelagiri, 2: Sevattur, 3: Samalpatti, 4: Pikkili, 5: Torappadi, 6: Pakkanadu, 7: Sivamalai, 8: Elchuru, 9: SettupalJe,
10: Purimetla, 11: UppaJapadu, 12: Chintalacheruvu, BH: Bhavani Shear Zone, MO: Moyar Shear Zone, and PC:
PaJghat-Cauvery Sehar Zone.
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Miyazaki assisted by several Indian scientists (Table I) from
December 14, 1997 to January 16, 1998. The mai n purpose
of the survey was the collection of rock specimens for geo-
chronological, geochemical and mineralogical studies from
different geologic settings (Yoshida et aI., 1996). In Tamil
Nadu, six alkaline plutons from the Nilgiri-Madras Granulite
Belt (Yelagiri, Sevattur, Samalpatti, Pikkili, Torappadi, and
Pakkanadu), and one pluton from the Peryar-rveyed (Fig. 9)
were visited. In the Nellore Schist Belt area inAndhra Pradesh,
four alkaline plutons (Elchuru, Settupalle, Purimetla and
Uppalapadu), two gabbro bodies (Boggulakonda and
Pasupugallu, near loc. 9 and loco 10 respectively in Fig. 9)
and one carbonatite outcrop (Chintalacheruvu) (Fig. 9) were
surveyed. Some rock samples of an alkaline pluton inAndhra
Pradesh (Vinayakaperam), central part of the Eastern Ghats
Granulite Belt, not shown on the map) were provided by A.
T. Rao.
Results of the field survey: In this survey, several geologi-
cally interesting signatures were observed. Details of these
signatures are described in Miyazaki et al. (1999). Rock
specimens collected during this field survey are now under
the laboratory work. Geochemical study of the Yelagiri and
Sevattur plutons makes clear the effect of alkali metal- and
LREE-enriched mantle and some lower-crustal material on
the formation of these plutons. (Miyazaki et aI., in prep).
Mafic Granulites along the Palghat-Cauvery Shear Zone
Area
The Palghat-Cauvery Shear Zone area: The Pal ghat-Cauvery
Shear Zone (PCS) is the biggest shear zone in South India
(cf. Fi g. I), running at the southern margin of the Archaean
Dharwar Craton. The shear zone has a N-S width of some
hundreds of kilometers and is composed of various litholo-
gies. Charnockite massifs in Nilgiri and Madras form defi-
nite blocks, and various metasupracrustal rocks are distri-
buted in other areas of the shear zone; they are intruded spo-
radically by alkaline plutons, including anorthosites, gabbro,
ultramafic rocks and carbonatite of mostly late Proterozoic
ages. These alkaline intrusive rocks are drawing attention to
their tectonic significance not only in India but also within
the East Gondwanaland ensemble.
Field survey: Field work was carried out in the central part of
Tamil Nadu (Fig. 10), for a period of about a month(March-
April 1998), by B. Moses, accompanied by V. Ram Mohan,
with the aim of demarcating the Proterozoic shear zones. In
the region between the East-West trending Moyar-Bhavani
Shear Zone (MBS) and Pal ghat Cauvery Shear Zone (PCS),
dismembered units of Archaean layered complexes can be
traced for a distance of more than 250 km from the southern
margin of Nilgiri massif to Sittampundi in the east. They
comprise calcic meta-anorthosites, websterites,
clinopyroxenites, pyroxenite, garnet-pyroxene granulites and
serpentinised dunite which occur as linear bands and lenses.
In the present study, garnetiferous mafic granulites occurring
in Gopichettipalaiyam and Sittampundi (Fig.lO) were exam-
ined as the rocks contain assemblages which provide con-
straints on the metamorphic history of the suite. These rocks
contain gamet, clinopyroxene, orthopyroxene and plagioclase
and have been classified as garnet-pyroxene granulite, garnet
two-pyroxene granulite, garnet websterite and garnet pyroxe-
nite, depending on the mineralogy.
Gopichettipalaiyam area: The Moyar and Bhavani shear zones
join at Bhavani Sagar and continue eastward as the Moyar-
Bhavani Shear Zone (Fig. 10). The shear follows the course
of the Bhavani River until it intersects the Cauvery River at
Erode. The Gopichettipalaiyam area falls close to the MBS.
An area of about 507 square km has been selected for the
study. The gneisses in this part of the area are strongly foli-
ated hornblende-biotite gneisses with a general E-W trend.
The metabasic rocks of the area are represented by gar-
net-pyroxene granulites. Numerous granitic intrusions with
contemporary pegmatitic phases were observed, and the
gneisses are converted into granitic gneisses in close proxim-
ity to them. The supracrustal rocks which occur to the north
of the MBS in this area are markedly different. These in-
clude kyanite-bearing fuchsite quartzite, garnet-hypersthene-
cordierite-bearing pelites and amphibolite forming a typical
metasedimentary-metavolcanic sequence. This sequence
forms a ridge in the north-western part of the area extending
for about 4 km in a NW-SE direction.
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Fig. 10 Study locations in the Pal ghat-Cauvery Shear Zone area.
MBS: Moyar-Bhavani Shear Zone, and PCS: Palghat-
Cauvery Shear Zone.
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The poT conditions of metamorphism were computed
for the region based on Grt-Cpx-Plg and Grt-Opx-Plg
geothermo-barometry. The estimated temperature of 835 +
45°C and 10.8 + 0.5 kbar pressure for the orthopyroxene-free
granulites and 800 °C and 7 + 0.5 kbar for the orthopyroxene-
bearing varieties were obtained. The presence of kyanite in
the fuchsite quartzites corroborates the high pressure envi-
ronment.
Sittampundi area: The country rocks of this region are banded
gneisses with a strong WNW-ESE foliation. The older rocks
are represented by the garnet-pyroxene granulites, websterite-
anorthosite suite and associated ferruginous quartzite, and
could be traced from the west of Sittampundi to Tattiengarpet,
which is about 40 km east of Sittampundi. This association
is typical of the zone between the MBS and PCS. The
Sittampundi Complex is an arcuate-shaped anorthosite com-
plex, extending for more than 20 km. The lithology and
structure of the complex is well known and comprises calcic
anorthosites with linear bands of gamet-pyroxene granulites,
websterite, chromitite and chromite-bearing amphibolites.
Ultramafic rocks are also observed in the southern part
of the area, and numerous serpentinised dunite masses which
are more than a few hundred meters in length are emplaced
along a 40 km-long east-west-trending linear zone, identi-
fied as a prominent lineament. Two ultramafic masses in
Sirappalli (4 km south of Sittampundi) were examined.
Serpentinised dunite comprises the major part of the masses
and is intruded by veins of garnet amphibolites; they contain
pockets and patches of garnet-pyroxene granulite, garnet
websterite, websterite, c1inopyroxenites, amphibolite and
pyroxene granulite.
Results ofthe field study: The present assignment mainly fo-
cuses on geochronological studies of the rocks mentioned
above and also some younger granites along the PCS. The
entire zone is characterized by a unique lithological associa-
tion and records very high P-T condi tions; it transects the
South Indian granulite terrain. It cannot be a local phenom-
enon and should continue on either side in the adjoining ter-
rain of the East Gondwana continents.
Structural Studies in the Achankovil Shear Zone Area,
South India
The Achankovil Shear Zone: The Achankovil Shear Zone
(ACSZ), one of major crustal discontinuities in South India,
is a 10-20 km wide and over 120 km long zone that divides
the southern Indian granulite terrane into the Periyar-Madurai
Granulite Belt in the north and the Trivandrum Granulite Belt
in the south (ct., Fig. 1). The shear zone has received world-
wide attention in recent years because of its significance in
Gondwana reconstruction studies involving South India and
Madagascar.
The ACSZ was originally identified by Drury et al.
(1984), based mainly on Landsat imageries that showed a
sharp change in regional foliation from NE-SW in the north-
ern terrane away from the shear zone to NW-SE within the
shear and further south. Though the ACSZ has been corre-
lated to the sinistral Ranotsara Shear Zone in Madagascar,
Sacks et al. (1997) have shown that kinematic indicators sug-
gested dextral shear sense along the northwestern margin of
the shear zone, and questioned the possibility of the above
correlation.
A nearly N-S traverse within the ACSZ, connecting lo-
calities near the northern as well as the southern boundaries
of the ACSZ (Chengannur and Punalur respectively), was
chosen as the study area.
General geology of the shear zone area: Garnet-biotite
gneisses constitute the dominant rock type of the area.
Charnockite, khondalite, cordierite gneiss and calc granulites,
granite and pegmatite form the other rock types occurring in
the region. Charnockite is usually associated with granitic
plutons that occur at many places along the shear zone, par-
ticularly near Chengannur, Pathanamthitta and Kutal. Min-
eralizations such as phlogopite, rare metals, graphite and oc-
casional gemstones occur at some places within the area.
Deformational characteristics: The gneisses of the study area
show evidence of multiple deformation. Four major
deformational events have been identified in the area. The
well-developed compositional banding, defined by alternat-
ing quartzo-feldspathic and garnet-biotite-rich layers, is char-
acteristic of the gneisses. The planar preferred orientation of
garnet and biotite grains parallel to the compositional band-
ing, gives rise to the development of strong foliation (S\).
The major compositional banding and the associated folia-
tion define the characteristic structures of the D, deforma-
tion. These planar structures generally strike NW-SE to
WNW-ESE, dipping moderately Sw. Most of the later
deformational structures also trend almost parallel to this.
Hence, the present NW-SE trend offoliation within the shear
zone is considered to be due to the combined effect of later
deformations during the shearing and the earlier one.
The structures of the D2 phase of deformation are char-
acterized by tight folds (F2) defined by the folding of S\ folia-
tion. Hinges of these folds plunge gently towards WNW.
The F2 fold is occasionally accompanied with axial planar
foliation (S2), defined by the shape-preferred orientation of
biotite grains. The structures of the D3 stage are character-
ized by asymmetric folds, stretching lineation, asymmetric,
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boudinaged and augen structures, and hook folds that are con-
sidered to be formed by shear deformation. Some of the
shear structures overprint the O2 deformational structures,
indicating that the shearing postdates the O2 deformation.
The granitic plutons occurring in many places along the
shear zone is considered to have intruded during the later
stages of the 0 3 deformation. These granitic plutons, as well
as the post-felsic veins showing asymmetric shear structures,
also indicate widespread magmatic activities during the shear-
ing. The structures of the 0 4 phase of deformation are char-
acterized by open folds (F4) with fold hinges plunging steeply
towards south.
Characterization ofthe Achankovil Shear Zone: Field inves-
tigations indicate that the mesoscopic, asymmetric shear struc-
tures are dominant at many places in the study area. These
structures show both sinistral and dextral senses of displace-
ment, at different places. The mesoscopic structures show-
ing opposite senses of shear can be formed by a single shear-
ing event. The regional drag in foliation along the shear zone,
as evident in Landsat imageries of Drury et al. (1984) sug-
gests a sinistral sense for the shear zone as pointed out by
Windley et al. (1994).
The present study reveals that in all the study area, folia-
tion shows a general trend without much variation. Hence
the mesoscopic structures showing opposite sense of shear
are considered to be formed by the same shearing event that
caused the prominent NW-SE to WNW-ESE trend of folia-
tion within the region. Therefore the ACSZ can be consid-
ered as a primarily sinistral shear and can be correlated with
the Ranotsara Shear Zone in Madagascar.
The possibility of the existence of more than one shear
deformation within the area can be considered only after ana-
lyzing more structural data and detailed geochronologic stud-
ies across the areas with emphasis on the mesoscopic struc-
tures showing opposing senses of shear movement.
CHOTANAGPUR GNEISS COMPLEX
Scope of the field survey: The Chotanagpur Gneiss Com-
plex (CGC) forms a wide zonal area extending 200 km north-
south and 1000 km east-west (Dunn and Dey, 1942), occupy-
ing the northeastern part of the Central Indian Tectonic Zone
(cf., Fig. I) (Radhakrishna and Naqvi, 1986). It is mostly
composed of banded granitic gneiss and migmatite, with en-
claves of metasupracrustal rocks and amphibolites showing
mostly amphibolite and, locally, granulite-facies metamor-
phisms. Relationships between the granulite and amphibo-
lite facies metamorphisms areas yet not clear. Plutons of
granite, syenite, and anorthosite intrude into these gneisses.
Radiometric dates indicate a widespread thermal event at 900-
1000 Ma (Vinogradov et aI., 1964). The Central Indian Tec-
tonic Zone is the main target of research for us under the
MONB USHO International Research Project of 1998 and
1999, and thus, the present field study forms a preliminary
survey for that. A five-day traverse, arranged by the cour-
tesy of Indian collaborators, was conducted in the central-
eastern part of the Chotanagpur Gneiss Complex. Some
observations in the field, from the northeast to the southwest
along the traverse (Fig. 1I) are given below.
The granite gneiss. dominant lithofacies ofCGC: The domi-
nant lithology of the CGC is migmatitic granitic gneiss. At
about 16 km east of Devghar (point 7, Fig. 112), an outcrop
of migmatitic biotite-gamet-hornblende syenitic gneiss was
visited. It is a well-folded gneiss, carrying foliation gener-
ally trending NE-SW with a moderate to steep southeasterly
dip. Mafic-clot distribution lineation towards the east was
detected. Hornblende syenitic pegmatite is newly developed
along the axial surface of nearly isoclinal folds, thus result-
ing in a distinct migmatitic appearance (Fig. 12a).
At about 11 km east of Raghunathpur (point 2 in Fig.
11), biotite-garnet gneiss, granitic garnet-biotite gneiss, and
garnetiferous gneissose granite occur. Banding structure runs
E-W and dips moderately to steeply north. New foliation
running NNW-SSE cuts across the banding, resulting in the
development of intersection lineation plunging gently north-
west. This lineation is shown by linear distribution of both
mafic and salic minerals. Augen granitic gneiss with K-
feldspar porphyroblasts develops, either inclined from or par-
alleling to both the banding and the foliation, resulting in the
migmatitic appearance of the rock. Part of the augen gra-
nitic gneiss shows a similar lithologic appearance to some of
the megacrystic granitoids described below. Some portions
of the gneiss are strongly mylonitic, thus giving a banded
appearance similar to meta-supracrustal gneiss (Fig. 12b). A
small, sinistral shear plane cuts across the foliation, carrying
northeasterly lineation composed of the distri bution of quartz
aggregates and long axis of feldspar.
Garnet-bearing biotite-K-feldspar augen gneiss with
dominant foliation trending WWN-EES, with steep northerly
dip and easterly mineral distribution lineation, was observed
at an outcrop about 30 km south of Barahat (point 8 in Fig.
II). Part of the rock is very similar in appearance to the
porphyritic gneissose granodiorite of the megacrystic
granitoids, described below. The granitic gneiss was also
observed at about 17 km ESE of Raghunathpur (point 3 in
Fig. II) where the gneiss carries a large amount of enclaves
of amphibolite. The banding structure trends EEN-WWS
and dips moderately to steeply NW. The gneiss and am-
phibolite enclaves are intensely cofolded, with hinges plung-
ing NW.
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In general, the granitic gneisses are mylonitic and
migmatitic. Some of the banding structures of the migmatitic
gneiss are possibly of mylonitic origin. The pegmatitic fa-
cies of the migmatite is often protomylonitic. Thus, it is
considered that dominant mylonitization affected most of the
CGC, together with the migmatization.
MetasupracrustaL gneiss: At a highly weathered and iII-ex-
posed outcrop along the railway about 8 km SSE of Barahat
(point lOin Fig. II), a khondalite-quartzite-amphibolite as-
sociation was observed. Schistosity, foliation and banding
structures are all parallel, trending NE-SW with moderate to
steep dips on both sides. A mesoscopic tight fold with a
hinge plunging SW develops, carrying mineral distribution
lineations parallel to it. Sillimanite lineation plunges mod-
erately NNE, which is parallel to the distribution lineation by
salic minerals. Garnet leptynite and well-banded garnet-bi-
otite gneiss occur at an outcrop 20 km east of Raghunathpur
(point 4 in Fig. II). The banding structure runs E-W with a
moderate dip towards north. Undulation lineation plunges
gentlyWWN.
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Fig. II Locations of field observations in the eastern part of the Chotanagpur Gneiss Complex area
The base geologic map is cited from Geological Survey ofIndia, 1998.
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Fig. 12 Field photos, Chotanagpur Gneiss
Complex
a: Typical lithology of the
Chotanagpur gneiss, showing
migmatization developing over the
banded and folded biotite gneiss.
b: Typical lithology of the
Chotanagpur gneiss showing K-feld-
spar porphyroblastic mylonitic and
migmatitic facies developing over
the banded biotite gneiss.
c: K-feldspar porphyritic granite,
with a distinct planar structure.
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Megacrystic granitoids: Two distinct, intrusive megacrystic
granitoid masses are shown in the geologic map (Fig. 11).
However, the occurrence of similar rock is not restricted to
within these masses, but is also found throughout the area.
A beautiful outcrop in a working quarry is found at a
distinct rocky hill 11 kID east of Raghunathpur, about 1.7 kID
NW of point 2 (Fig. 11). The major lithology in this outcrop
is gneissose to schistose, pink K-feldspar-porphyritic grano-
dioritic gneiss. Well-elongated K-feldspar phenocrysts/ag-
gregates are very characteristic (Fig. 12c); they represent sev-
eral deformational and recrystallization events. Foliation
runs generally E-W, with steep northerly dip. The rock is
partly mylonitic and shows mylonitic bands running parallel
to the foliation. In such a case, K-feldspar aggregates show
distinct lineation plunging moderately to steeply NW. The
rock is generally homogeneous, except for the intensity of
foliation/mylonitization and for the sporadic occurrence of
amphibolite enclaves.
A similar lithology was also observed about 5 kID east of
Raghunathpur. At this outcrop, the rock carries many am-
phibolite enclaves of various size, and the granodiorite lo-
cally becomes relatively mafic in the matrix part; it begins to
resemble the amphibolite. The general foliation runs WWN-
EES with steep dips both towards NNE and SSw. New verti-
cal shears running E-W to ENE develop dominantly, cutting
across K-feldspar megacrysts, but carrying aggregates of
medium-grained K-feldspar.
Megacrystic granitic rocks were also observed at some
other places. Porphyritic gneissose granodiorite occurs at
about 38 kID SSE of Barahat (point 8 in Fig. 11). The garnet-
bearing biotite gneiss about 10 km north of point 8 above,
partly carries very similar lithology to the porphyritic gneis-
sose granodiorite. Similar occurrences are also common in
the Raghunathpur-Mejia area, as mentioned above (e.g., point
2, Fig. 11).
These occurrences may suggest intrusion of the
megacrystic granitoids under shearing conditions, which re-
sulted in the development of igneous masses of foliated
megacrystic granitoids as well as the metasomatic/migmatitic
porphyroblastic lithologies within the pre-existent gneisses.
Anorthosites, syenites and gabbros: At an outcrop 2 kID SW
of Mejia (point 5 in Fig. 11) an anorthosite-gabbro associa-
tion was observed. This outcrop is situated at the southern
margin of an anorthosite mass, 4-7 km in width N-S, and
some 40 kID in length E-W. Very fresh, coarse-grained, gray
anorthosite, partly carrying bronzite-gabbro facies, has a
dominant foliation shown by orientation of platy plagioclase
with a NW-SE strike and a steep southerly dip.
A mylonitic micrographic pegmatite vein develops along
a small-scale mylonitic band with a sinistral sense of shear,
cutting across the foliation of the anorthosite. The shear is
vertical, with NE-SW trend. A fine-grained, schistose am-
phibolite dyke of NE-SW trend cuts across the anorthosite.
The dyke carries NE-SW schistosity dipping moderately SE.
At the margin of the dyke, an intrusive irregular boundary
was observed. A marginal portion of the dyke is fine-grained,
with a near vertical dip, suggesting that it either was caused
by the later mylonitization related to the one mentioned above,
or reflects the initial chilled-margin facies.
At about 20 km east of Raghunathpur (about 6 kID north
of point 4, Fig. 11), schistose nepheline syenite was observed.
A cloudy-white color of nepheline phenocrysts is very char-
acteristic of the rock. Some portions of the rock are strongly
schistose and some others carry syenitic pegmatite pools.
Foliation runs E-W, with a moderate northerly dip. Isoclinal
folds develop, affecting the pegmatite as well. The undula-
tion lineation on the foliation and pegmatite layers plunges
gently northwest to west-northwest, paralleling the hinge of
the fold.
At point 4, schistose monzonite and pyroxene metagabbro
occur. Trends of foliation and mineral distribution lineation
are nearly similar to those of the schistose nepheline syenite
described above.
POIphyritic charnockite: At about 20 kID SE of Dumka (point
6, Fig. 11), porphyritic charnockite occurs extensively. K-
feldspar phenocrysts show vague foliation trending E-W, with
moderate to steep northerly dip. At some places, K-feldspar
phenocrysts do not show planar structure but are aligned lin-
early. Locally, hypersthene alignment shows foliation of a
moderate dip, whereas that of K-feldspar is more steep.
Blocks of various sizes of enclaves of hornfelsic metabasite
occur sporadically.
Complex tectonothermal history ofCGC: The field traverse
study of CGC was successful; important lithologies and struc-
tures of the area were observed, and a general scope of the
Chotanagpur Gneiss Complex was recognized. An impres-
sive feature has been that definite igneous activities took place
in association with various deformations, and others were
associated with various metamorphisms. Geochronological
study of these igneous rocks may facilitate the unraveling of
the complex tectonothermal history of CGc. This kind of
study will be our next target of study of CGC for the coming
years.
THE HIGHLAND COMPLEX, SRI LANKA
Precambrian terrains ofSri Lanka: Precambrian terrains of
Sri Lanka have been attracting the attention of geoscientists,
due to the beautiful geology, excellent research work espe-
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cially in recent years, and critical location within the Pre-
cambrian Gondwana ensemble. A Japanese group, includ-
ing some of the present authors, visited this island in the late
1980s, mostly under the MONBUSHO program and con-
ducted preliminary studies (Hiroi and Motoyoshi, 1990).
During July-August in 1997, we conducted 18 days of
field survey of the granulite facies Highland Complex in the
southwestern and central parts of the island (Fig. 13). Mem-
bers of the field survey included 5 Japanese (Osanai,
Miyashita, Hamamoto, Ando and Yoshihara) and 2 Sri Lankan
(Prame and Mathavan) scientists. We carried out the field
work at two main areas. One was is the area around
Colombo, to examine the partial melting processes of high-
grade metapelites which accompanies incipient
chamockitization and the other was the area around Kandy,
in the central part of Sri Lanka, to search for the highest-
grade metamorphic rock in Sri Lanka.
In the western part of the Highland Complex of Sri Lanka,
especially in the Colombo-Matugama-Gampaha area, there
are many important localities exhibiting the characteristic
Fig. 14 Field photograph of high-grade metapelites and charnockite in the Colombo area. (a) Typical garnet-cordierite-biotite gneiss at
Homagama. (b) Cordierite-bearing quartzo-feldspathic veins cut obliquely the garnet-cordierite gneiss at Homagama. (c)Close-
up of vein-type cordierite-bearing quartzo-feldspathic leucosome at Homagama. (d) Greenish vein-type charnockite at north
Kalutara, (e) pod shape charnockite at Hanwella. (f) Spinel-quartz direct association at Ingiriya.
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partial melting phenomena of metapelites. The main pur-
pose of the research program in 1997 was to recognize the
details of the partial melting process of high-grade metapelites,
and the segregation and migration processes of melt under
ductile deformation at the peak of metamorphism. Another
program is to determine in detail the age of the melting using
the multi-isotope system (Rb-Sr, Sm-Nd, U-Pb and Pb-Th).
The surveys went successfully and about two tons of rock
samples were collected. Some important observations dur-
ing field work and including quick microscopic observations
of thin sections of rocks are given below. Detailed labora-
tory work is going on and the results will appear elsewhere in
future.
Garnet-cordierite gneiss and charnockite from the Colombo
area: The area around Colombo includes Gampaha and
Kadawata (north), Kaduwela and Angoda (central), and
Homagama and Ingiriya (south). The main lithology of the
area is a high-grade metapelite containing garnet, cordierite,
sillimanite, biotite, spinel, plagioclase, K-feldspar and quartz
(Fig. 14-a). Biotite-free cordierite porphyritic leucocratic
veins and pods also occur as the result of incipient partial
melting (Figs. 14-b, c).
Orthopyroxene-bearing charnockitic rock also occurs in
the garnet-cordierite metapelite as pods and/or network veins
(Figs. 14-d, e). The boundary between the host metapelite
and charnockitic rock is not so clear. Our previous melting
experiment (Kubo et al., 1995) for garnet-cordierite metapelite
(sp. 71604) using piston-cylinder apparatus indicates that
partial melting takes place at 850-900°C and 7-7.5 kb under a
low aH20 condition. The results of experimental work indi-
cate the dehydration melting reaction:
biotite + quartz + K-feldspar + sillimanite = orthopyroxene +
cordierite + ilmenite + melt.
Small pods and veins of charnockitic rock would be the
incipient phase of the formation of large intrusive masses of
charnockite in Sri Lanka. At Ingiriya, 50 km south-east of
Colombo, we found a garnet-cordierite gneiss in which spinel
and quartz occur in direct contact; this is the first finding in
Sri Lankan granulites. This association commonly shows
the ultra high-temperature metamorphism beyond 950-
1000°C, with low-Zn and -Cr. However, spinel is brown in
color by the effect ofhigh-Zn (up to 11 wt%) and -Cr (up to 7
wt%) (Fig. 14-1).
Deformational events of the high-grade metapelites in
the area around Colombo can be divided into three stages
(Table 3). The D1 stage before the granite intrusion (Fig. 15-
a) is characterized by the formation of foliation (Sl) parallel-
ing the lithological banding associated with tight to isoclinal
folding. Most of the D1 structures appear to have lost their
initial structural characteristics owing to overprinting of sub-
sequent deformation and charnockitization. The D2 stage
deformation is top to the SE to SSE displacement associated
with shearing and melt segregation. NNW-SSE trending
upright folding (D3 stage) (Fig. 15-b) followed discordant
biotite-K-feldspar pegmatite intrusion is the final ductile de-
formation in the area.
Sapphirine granulites and high-grade calc-silicate gneisses
from the Kandy area: The peak metamorphic episode in Sri
Lanka is thought to have taken place during the Pan-African
orogenic event. Therefore, the partial (incipient) melting of
metapelite could also have occurred at the same period.
The highest grade metamorphic rock in Sri Lanka is a
Table-3. Structural evolution of high-grade gneisses from the Colombo area.
Deformation
event Mesoscopic tructures Magmatism Metamorphism Movement picture Age (Ma)
banding-parallel foliation (S,)
shear plane (S2) with shear band
filled with melt
D3 NNW-SSE trending upright fold
*Holzi S. et aI., (1991)
intrusion of
granite
intrusion of Bt-
Kfs pegmatite
peak of prograde
metamorphism granulite facies
(Bt+Sil+Qtz=GrHCrd+Kfs+H20)
partial melting of pelitic gneiss
(Bt+Qtz±Kfs±Sil=Opx±Crd+melt)
(paritialy charnockitized along S2)
bleach out of charnockite around Bt-
Kfs pegmatite
top to the SE to
SSE displacement
492*
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sapphirine-garnet-orthopyroxene-biotite-quartz granuli te
(Figs. 16a-d) which would have been derived from restite
after partial melting of metapelite under low-f02 conditions.
Biotite characteristically contains high-fluorine. A prelimi-
nary study of the Sm-Nd systematics of the sapphirine granu-
lite shows the well-defined whole rock isochron age of 625
Ma. Our multi isotope analyses in this program will shed
light on the details of the melting age and the precursor of the
charnockitic rock and restite.
We found another type of highest-grade metamorphic
rock as the local variation of the sapphirine granulite. This
type of sapphirine granulite contains sapphirine, kornerupine,
cordierite, orthopyroxene and plagioclase that might have
formed under a little higher f02 condition than for the other
types of sapphirine granulites. The high-grade calc-silicate
gneisses in the Matale area, near Kandy, are our second inter-
est. This rock contains boudinaged, barrel-shaped layers with
a zoned structure. Detailed chemical analysis of the zonal
structure of this rock is in progress and will provide critical
information on the fluid infiltration processes during the peak
metamorphism.
SUMMARY
About 385 man-days of field work in Proterozoic ter-
rains of southern to eastern Peninsular India and Sri Lanka
were successfully carried out in the 1997 fiscal year, by 14
Japanese scientists, 4 Indian students studying in Japan and 1
Canadian. Seventeen Indian scientists and students and two
Sri Lankan scientists also participated in some of the above.
The topics of the field survey covered structural and petro-
logical studies in the central region of the Eastern Ghats
Fig. 15 Deformation and igneous activities in
the Colombo area.
(A) Layer subparallel granite intrusion.
(B) NNW-SSE trending upright fold of
the D] stage.
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Granulite Belt, structural and petrological studies in the east-
ern marginal regions of the Dharwar Craton, alkaline plutons
in southern India, mafic granulites in the Palghat-Cauvery
Shear Zone, structural studies in the central part of the
Achankovil Shear Zone, preliminary observations in the
Chotanagpur Gneiss Complex, and petrological studies in the
Highland Complex of Sri Lanka. Among the areas visited,
field work in the Eastern Ghats Granulite Belt was the main
focus of the present program.
The present survey provided a large amount of new
observations and the collection of rock samples from wide
areas of southern to eastern Peninsular India and Sri Lanka.
Rock samples collected during all of the above surveys
amounted to about three tons in weight. These samples, as
well as field data collected, are under examination in labora-
tories, and further detailed structural, petrological, and geo-
chronological studies are going on by each group and by in-
dividual scientists who conducted the field survey of each
area. Some preliminary results have appeared elsewhere in
this volume.
The present paper is compiled from the manuscripts pre-
sented to the senior author who has made all manuscripts to
follow a somewhat common style and content. The correct-
ness of descriptions of each section is the responsibility of
the authors of each section mentioned below, and any incon-
veniences occurring throughout this paper belong to the se-
nior author's responsibility:
Structural features in the Visakhapatnam area of EGGB
(Tani), granulites and charnockites in the Visakhapatnam area
(Takano), metacarbonate rocks of the central Eastern Ghats
Granulite Belt (Wada), structural and petrological studies in
the northern NelloreKammam Schist Belt (Hari),
deformational history of the Kinnerasani area (Rajneesh), al-
kaline plutons in Tamil Nadu and Andhra Pradesh (Miyazaki),
mafic granulites along the Palghat-Cauvery Shear Zone area
(Moses), Achankovil Shear Zone (Shaju), Chotanagpur Gneiss
Complex (Yoshida), and the Highland Complex, Sri Lanka
(Miyashita).
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